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I, James A. Hoxie, hereby declare as follows: 

1 . I am the inventor of the subject matter claimed in the above-captioned 



2. The claimed invention was made prior to the publication of Feng et al., 
1996, M HIV-1 Entry Cofactor: Functional cDNA Cloning of a Seven-Transmembrane, G 
Protein-Coupled Receptor," Science 272:872-876, and prior to the publication of Cohen, 1996, 
"Research News: Likely HIV Cofactor Found," Science 272:809-810. Support for this is found 
in the accompanying photocopies of original pages from two separate Applications for 
Continuation of Grant all of which demonstrate identification of the claimed anti- 
immunodeficiency virus antibody {i.e., 12G5) prior to the publication of Feng et al., supra, and 
Cohen, supra, on May 10, 1996. These photocopies form Exhibit A attached hereto. The dates 
on these photocopies have been redacted, but these pages demonstrate that both Applications 
were filed with an appropriate government agency prior to May 10, 1996. 
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I declare further that all statements made herein of my knowledge are true 



and that all statements made on information and belief are believed to be true; and further, that 
these statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application 
or any patent issuing thereon. 
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Cys mutation in the TM tail, termed BK/Cys env. This virus was replication competent, and in 
2 different cell types, HUT and CEMxl 74, produced a 4 to 1 0 fold increase in surface envelope 
as determined for FACS analysis with monoclonal antibodies and serum from an infected 
macaque. The amount of envelope on virions as determined by western blot and morphologic 
analysis by electron microscopy was also increased compared to BK28. This important findifSgTp 
has for the first time identified a single amino acid in the cytoplasmic tail of a retrovirus^haV * 
can markedly upregulate envelope amounts on infected cells and virions. / 




As noted above, a single amino acid change of a Tyr to a Cys in the TM cytoplasmic^tail^^ 
was shown to markedly increase the level of expression of envelope on infected cells and virions. 
Studies have been undertaken to evaluate the mechanism for this effect. Our preliminary data 
had indicated that SIV envelope glycoproteins are actively endocytosed, at least in part, through 
clathrin-coated pits. With the availability of viruses differing only in a Tyr or Cys at the 
putative endocytosis domain, we were able to address the question of whether or not this change 
conferred a difference in the rate of endocytosis. Although quantitative data is only preliminary 
(see below) we have determined using immunoelectron microscopy that the Cys substitution 
produces a striking redistribution of envelope on infected cells such that the entire plasma 
membrane is labeled. In contrast, for cells infected by viruses with a Tyr, envelope is located 
predominantly in patches and in coated pits. 

In order to determine if an endocytosis motif existed in the SIV TM tail and to obtain 
quantitative data on the effect of the Tyr to Cys change on its function, we produced chimeric 
molecules containing the external and membrane spanning domains of CD4 and the cytoplasmic 
domain of SIV TMs containing either a Tyr or a Cys at position 723. These constructs have been 
inserted into retroviral vectors and stabily expressed in Hela cells and a CD4 negative variant 
of Sup-TI cells derived in our laboratory. Both CD4/SIV-Tyr and CD4/SIV-Cys chimeras are 
stabily expressed on the cell surface, and preliminary results have indicated a 2-4 fold 
increase in the rate of endocytosis for the Tyr compared to the Cys-tailed construct. 

In additional studies we have taken advantage of the high level of surface envelojjp 
expressed on the surface of CP-MAC-infected cells to produce a panel of novel monoclonal 
antibodies raised to native envelope on the cell surface. Mice were immunized with CP-f||C- 
infected cells and monoclonal antibodies screened for their ability to inhibit cell fusion. We. 
have derived 6 antibodies that are potent inhibitors of cell fusion and which apparently *■ 
recognize conformational epitopes not involved in CD4 binding. Plans to develop these 
antibodies for further studies in this Aim are described below. 

Specific Aim#3- Evaluation of similar structure function relationships for other HIV and SIV 
isolates. 

With the profound effects of the 723 Tyr to Cys change noted above on surface expression 
for SIVmac, we have begun to evaluate this determinant for HIV-1 . This mutation was 
introduced into the PNL43 molecular clone of HIV-1 and the resulting virus determined to be 
replication competent. However, the wild type virus proved to be unable to establish stable long 
term productive infection and as a result, direct comparisons of Tyr and Cys tailed HIV-1 s with 
regard to surface envelope expression could not be undertaken. Studies are now in progress to 
introduce this change into other molecular clones of HIV-1 , including the macrophage-tropic 
clone 89.6. 

3. Significance. 
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endocytosis when transferred to a heterologous molecule (CD4). In the coming year we will 
generate stable cell lines containing CD4 constructs with SIV tails containing a number of 
different amino acids at position 723 in an attempt to determine their quantitative effect on 
endocytosis. These results will be compared to the endocytosis rate for the transferrin 
receptor which is a well characterized, constitutively endocytosed surface protein. In addition 
we also plan to evaluate endocytosis rates for constructs that contain the membrane spanning 
domain of SIV as well as the TM cytoplasmic tail to determine if the putative endocytosis motif in 
the SIV tail can function more efficiently in the context of an SIV MSD. Additional work will 
attempt to define the various compartments involved in the endocytosis of SIV envelope. In this 
work we will use anti-lysosome, -Golgi, and -endosomal reagents in double labeling protocols 
to identify the various pathways involved in the trafficking of endotytosed envelope 
glycoproteins. We are particularly interested in determining if endocytosed envelope molecules 
are recycled back to the cell surface. Finally efforts will continue with Dr Timothy Hart at 
Smith Kline to evaluate the association of cell surface envelope and chimeric CD4/SIV molecules 
with coated pits, since it is hypothesized that differences in the rate of endocytosis will be 
reflected in differences in the extent of envelope entry into coated pits. 

b. Immunological characterization of CP-MAC envelope. As noted above high envelope 
expression of CP-MAC virus enabled us to produce a panel of monoclonal antibodies to infected 
cells that have been extraordinarily potent in their ability to prevent cell to cell fusion. These 
6 antibodies will be further characterized as to their mechanism of action, their ability to 
neutralize virus, and the extent to which they affect infection and fusion for more distantly 
related members of the HIV/SIV family. Efforts will also be made to determine if these 
antibodies can be useful in identifying conformational changes in envelope following CD4 binding 
by FACS analysis and eventually fluorescence energy transfer technology. We will also 
determine through competition studies the extent to which epitopes are shared by these 
antibodies. Finally, one antibody not noted above that was determined to be able to block fusion, 
has actually been shown to be directed to the cell surface rather than to envelope. This antibody, 
termed 1 2G5, reacts by western blotting with a 95 kD protein and is clearly not directed at 
CD4. Efforts will continue to characterize this protein, and to determine by 
immunoprecipitation if it is a component of an integrin heterodimer since these molecules have 
been implicated as coreceptors for fusion events involving HiV-1. In addition, preliminary data 
has indicated that this antibody does not block HIV-1 or HIV-2 mediated fusion, but is a potent 
inhibitor of SIVmac fusion. Thus it is possible that the 1 2G5 antibody has identified a novel 
CD4-associated molecule specifically involved in mediating SIV fusion. 

Specific Aim #3- Evaluation of similar structure function relationships for other HIV and SIV 
isolates. 

In the original proposal we indicated that any functional determinants that were 
identified with our SIVmac model would be evaluated in other HIV and SIV viral systems. As 
noted above, the identification of a single amino acid change in the SIV TM tail that upregulated 
envelope expression on cells and virions has raised the possibility that similar effects could be 
observed for other viruses. A Tyr at SIVmac position 723 is present in the corresponding 
position of the cytoplasmic tails of all HIV-1 , HIV-2 and SIV isolates reported to date. During 
the coming year, we will evaluate the effects of a Tyr to Cys change in this position for the 
macrophage tropic clone of HIV-1 , 89.6, that is able to establish long term productive infection 
of CEMxl 74 cells. Viruses with and with out this mutation will be evaluated with techniques 
similar to those we have described for CP-MAC including FACS analysis of infected cells, 
ultrastructural analysis of envelope spikes on virions, and the distribution of surface envelope 
by immunoelectron microscopy. In addition, both BK28 and CP-MAC, similar to many SIVs 
propagated in human cells contain a premature stop codon in the TM tail. It remains to be 
determined if the 723 Tyr to Cys change will have a similar effect on envelope expression for 
viruses with long cytoplasmic tails. Efforts are in progress to introduce this change into the 
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element is involved, as we had originally hypothesized (see below). In additional studies we have determined 
that the Y723C mutation of CP-MAC does not in an of itself, alter tropism when introduced into the BK28 
virus nor does it increase the stability of the SU-TM association, which for CP-MAC was shown to be highly 
stable Therefore mutations in the external domains of SU and/or TM account for these effects and will 
represent the focus of future studies. Finally, by evaluating SIVs that differ only in the presence or absence of 
the Tyr mutation in the cytoplasmic tail, we have determined that an increase in envelope,expressian s has 
significant biological effects and produces an increased degree of cell killing and fusion. / w ^ \ 

Specific Aim #2- Evaluation of mechanisms fo r the effects of envelope mutations in CP-MAC.AU6 2 5 1998 Sj 

& 

a Studies of an endocvtosis motif in the S TV cytoplasmic tail. As previously summarized, wejiave 
hypothesized that the Y723C mutation in the TM cytoplasmic tail of CP-MAC lncrease'sreriv^urface 
expression by disrupting an endocytosis motif that is present in the TM cytoplasmic tail. We described in the 
last progress report the novel finding that envelope glycoproteins which are not incorporated into budding 
virions are actively endocytosed through clathrin coated pits, and proposed that a mutation in this Tyr could 
increase surface expression by decreasing the rate of endocytosis. Consistent with this hypothesis, we noted 
that in cell types infected by viruses containing a 723 Y, envelope glycoproteins were located predominantly in 
clathrin coated pits and in localized patches on the plasma membrane. In contrast, for cells infected by viruses 
with the Y723C mutation, env was found to be redistributed over the entire plasma membrane. Efforts during 
the past year have focused on assays to directly demonstrate the presence of an endocytosis motif in the viral 
TM, and to quantitate the effects of mutations in this region on endocytosis rates. 



Chimeric molecules have been created that contain the external and membrane spanning domain from 
CD4 and an SIV TM cytoplasmic tail derived from BK28. Constructs have been produced that contain S V 
tails with either a Tyr, Cys, Phe, Ala or Iso at the position corresponding to Tyr-723 These CD4/SIV 
chimeric molecules were stably expressed in Hela cells. Control lines were also produced that contained CD4 
without a cytoplasmic tail ("tail-less" CD4) and CD4 with the cytoplasmic tail of the LDL receptor, which 
contains a well characterized endocytosis motif. As expected endocytosis of the CD4/LDL receptor construct 
was rapid with approximately 15% of the chimeric molecules internalized per min (over the first 5 minutes) 
and 85% internalized at 60 minutes. In contrast, the "tail-less" CD4 was internalized at a markedly reduced 
rate (0 75 % per min; 1 1.4% in at 60 minutes). Remarkably the chimera containing anSIV tail with the Tyr- 
723 was rapidly endocytosed (5.9% per min; 49% at 60 min) relative to the "tail-less CD4 (though not as fast 
as the CD4/LDU chimera), while mutation of the Tyr to a Cys, Ala, Iso, Ser, and Phe all reduced endocytosis 
rates (1-2%/min; 18-21% internalized at 60 minutes. These findings have provided conclusive evidence.that 
the SIV cytoplasmic tail contains an endocytosis motif that can be transferred to a heterologous molecule and 
that this motif is dependent on Tyr-721 . 

b) Production of monoclonal antibodies to CP-MAC envelope glycoproteins, As described in the 
previous report, we took advantage of the high level of surface envelope glycoproteins of CP-MAC and used 
infected cells as an immunogen in mice to produce monoclonal antibodies (mAbs) reactive with envelope 
molecules. It was hypothesized that by expressing high levels of structurally intact envelope glycoproteins 
that these cells could be an effective immunogen for generating neutralizing monoclonal antibodies. Seven 
mAbs were described that all inhibited CP-MAC-induced cell fusion, and studies were planned to characterize 
these mAbs with regard to their mechanism of action, their ability to neutralize SIV, and their cross-reacuvity 
with other isolates. 

Considerable progress has been made in the last year. We have determined that all 7 of these mAbs 
bind to conformational determinants on g P 120 and act at a level following bindi ng of the vu^ envelope to 
CD4 Importantly, all mAbs have potent- neutralizing activity for BK28-related viruses (CPrMAC, 
SIVmac251 and 32H) and a subset of these antibodies also exhibit cross-neutralizing activity to heterologous 
^ty rr^gatey isolates (B670 and smH4). No activity was observed on HIV-l/HB. The biological acov.ry 
of these mAbs is unique among anti-SIV mAbs described previously. 

c) Preliminary identification of a candidate CD4-corecep tor molecule for CP-MAC- A serendipitous 
but potentially important finding from our attempts to produce mAbs to CP-MAC infected cells was the 
production of a mAb termed 12G5. Like the anti -gpl20 mAbs described above, this mAb inhibits cell fus.on 
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" PROGRESS ^ 

of CP-MAC " in coculture assays and neutralizes cell-free infection. However, 12G5 reacts with a 95 kD 
cellular molecule that is clearly not CD4. The 12G5 antigen is widely expressed among human hematopoietic 
cell lines (T B and megakaryocytic cells) and PBL, but is not expressed on endothelial cells, Hela cells, 
rhabdomyosarcoma cells or a murine B cell line. Although this anticellular antibody neutralizes CP-MAC, it 
does not neutralize other isolates of SIV, suggesting that if the 12G5 does funcoon as a CD4 coreceptor for 
CP-MAC, it is (at least among viruses analyzed thus far) not required for other SF/s. 

As an important extension of these studies, we have derived a model for CD4 independent infection in 
which the 12G5 antigen may be functioning as an alternate receptor. A CD4 negaove variant of Sup-Tl cells 
aenned BC7) has been derived that is resistant to CP-MAC and HW-j/IIIB infection. However , th^cell kne 
has been shown to be highly susceptible to infection, fusion and kUling by a variant of HTV-2/NIHz. The 
extensive cytopathology of this infection has indicated the highly efficient utilization of an alternate receptor 
ReSLbly, we have determined that infection of BC7 cells by this HTV-2 can be neuu^zed by 12G5 (a 
concentrations of 1.0 - 5.0 ug/ml). Moreover, following infection, expression of the 12G5 antigen is 
markedly downregulated (80-90%), again consistent with it's role as a possible receptor for this virus. 

These studies have implicated a 95 kD cellular molecule as a potential CD4-coreceptor for CP-MAC 
and as an alternate receptor for HIV-2/NIHz. Plans to identify this molecule and to characterize its 
contribution to viral pathogenesis in both systems will be described. 

Specific Aim #3- Fvplnarinn of si milar structure function relationships for other HIV and SIV isolates, As 
n£ed above during the last year we have determined that several mutations of a Tyr to a Cys at the 
corrtpondng position in the SIVmac239 TM cytoplasmic tail increases expression of env on the surface of 
cSaTly infSed cells. These studies have indicated that the effects of this mutauon on env expression can 
beSen in the absence of a premature termination codon, and indicate the feasibdity of performing suidies with 
tiTesfvi^ses Tin non-human primates. Finally, in order to determine if similar effects will be seen for HIV-1 a 
^ ^yTand Tyr -> Iso mutations have been introduced into the 89.6 macrophage tropic clone of HIV-1, 
and these viruses will be evaluated the coming year. 

3, Significance 

As described in last year's report, a central problem in studies of HTV and SIV is in understanding the 
link between genetic and biological diversity among different viruses. Although differences in viral nropism, 
nteSSetS ; an d cytopathic potential are well described, the genetic determinants and the mechanism 
rSSSbtel fo? theTe differences are poorly understood. The SIV model we originally described has several 
adlSes ^for addressing these issues, since viruses were derived from a single molecular clone and exhibited 
maTe?d1ff«!ceSdr host range cytopathology and structure. In addition, this system has raised other 
S^teu«S the contribution of the host cell to these effectS u From the outset, our focus has 
^^l^&ncicBlly ^ these determinants but to identify the mechanisms involved Considerable 
prog^ss hasbeenrnade in L regard, and a number of novel findings have already resulted from this work. 

First among the complex biological and structural differences exhibited by our CP-MAC variant of 
SIVmac we hTe iterrSned that a single amino acid change in the cytoplasmic ta* was the , pnnc.pd 
aZ^^Z for its increased exDression of envelope glycoproteins on the surface of infected cells. During the 
^^^J^lti^b^^^ an? asLctural motif, involving a highly conserved aromatic 
Jm nCcid CT^-723) in the SIV tail has been implicated. Mutations of this amino acid in the pathogenic 
SrVmac239 c tone have been shown to produce a similar effect, thus enabling the in vivo consequences of th 
change tc bt ^ determined (see below) The viral envelope is highly immunogenic and determinants that 
w&(r^£Sw™&to<*y) the expression of envelope molecules on the surface of infected ceUscoud 
£^5lS for the ability of infected cells to survive in an infected host, or m their ability to 
produce viral particles. 

Second in the original proposal, we suggested that the mechanism for the increased expression of 
envelop dvroproteins of CP-MA Ccould result from a decrease in the rate of endocytosis caused by the 1 yr 
muS m the TM tail This hypothesis was based on predicted structural similanues between this region and 
mj^^yuT^f in the cy^ jgg^ ^ LDL ^mJ^ ^ZS- 
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mediate the constitutive endocytosis of this molecule through clathrin ccfated pits. Studies in the last progress 
report noted that for SIVs which maintain this motif, envelope glycoproteins are located predominantly in 
coated pits whereas for viruses with a mutation at this position, envelope was redistributed over the entire 
plasma membrane. As described above, by transferring the SIV TM cytoplasmic tail to a heterologous 
reporter molecule (CD4), we have provided conclusive evidence that an endocytosis signal does exist in the 
TM tail and that Tyr-723 plays an essential role. These findings place the TM cytoplasmic tail in a pivotal 
position in the interface between the virus and cell, since viral glycoproteins can apparently be either 
incorporated into budding virions, or be actively endocytosed. The cellular and viral factors that regulate this 
branch point during viral assembly will be subject of future study. 

Third, as noted above, we have shown that the increased level of envelope glycoproteins expressed on 
CP-MAC infected cells are potent immunogens for producing monoclonal antibodies. Current vaccine 
strategies for HIV and SIV have indicated that recombinant or purified preparations of envelope glycoprotein 
subunits have not preserved structural determinants that are relevant to a protective immune response. We 
have therefore taken advantage of the extraordinary increase in surface glycoproteins of CP-MAC infected 
cells to ask whether this conformationally intact form of envelope glycoproteins could elicit antibodies with 
increased biological activity. As described above, during the last year we have produced and characterized a 
series of mAbs reactive with the CP-MAC gpl20 that are unique among anti-SIV mAbs described to date, in 
their ability to block cell to cell fusion of SIV and to potently neutralize genetically diverse SIV isolates. 
Because we have shown that similar mutations can be created in other SIVs that upregulate env expression, 
this approach could have broad applicability for producing humoral responses with potent antiviral effects. A 
full evaluation of the utility of this approach for vaccine-related issues is beyond the scope of this proposal. 
However, these findings have been included as part of a recently submitted ROl (AI38225, J.A. Hoxie-PQ 
where it is hoped that the implications of these findings for vaccine strategies can be fully developed. 

Fourth one of the most important findings of this past year has been the characterization of a cellular 
molecule that may function as a CD4-coreceptor for SIV and as an alternate receptor for some HIV-2s. There 
is extensive evidence that cellular molecules in addition to CD4 contribute to viral entry either in conjunction 
with or independent of CD4. However, few of these molecules have been identified. The 12G5 mAb, as 
described above, that was produced to CP-MAC infected cells reacts with a 95 kD cellular molecule ; and .has 
been shown to inhibit CD4-dependent infection (by CP-MAC) as well as CD4 independent infection (by HIV- 
2) If these preliminary observations are born out by further study, this would be the first identification of a 
cellular molecule that can function either as a CD4 co-receptor and an alternate receptor. Efforts in the coming 
year will focus on the identification of the 12G5 antigen and its interactions with the viral envelope .Although 
it is clear that the 12G5 antigen is not involved in viral entry of all HIVs and SIVs (ie., it does not inhibit HIV- 
1/inB or SrVmac251 infection), its effects in our SIV and HTV-2 models can be rigorously examined and will 
likely provide more general insights into the envelope receptor interactions of other SIVs and HTV s. 

Finally as we have emphasized, the advantage of our SIV model is that the relevance of pathogenic 
determinants in the viral envelope can be evaluated in an animal model. As described below, future efforts are 
directed towards producing viruses that exhibit high levels of envelope glycoproteins on infected cells and that 
have a low likelihood of reverting in vivo. Because, at least in mice, CP-MAC infected cells elicited novel and 
potent humoral immune responses, it is possible that viruses which are designed to produce an increase in 
surface envelope glycoproteins will generate a qualitatively or quantitatively different immune response that 
could have important implications for viral persistence. 

4. Plans i n rominP year. 

Specific Aim #1- Molecular characterizatio n of CP-MAC. 

Although the Y723C mutation was shown to be the principal determinant for the increased levels of 
envelope glycoproteins on infected cells, this change did not contribute to alterations in tropism. CP-MAL 
was derived by long term propagation of SIV/BK28 in Sup-Tl cells and exhibited a marked resmctior , ir , us 
ability to infect this cell type. Among a panel of CD4 positive cells, including HUT-78 and CEMxl74 LI- 
MA C 'that are highly susceptible to the parental SIV/BK28 virus, CP-MAC was only able to infect Sup-TL In 
the coming year, efforts will be directed towards identifying the dete rminants involved. There are 6 amino 
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